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mixed  with & charge  containing a  considerable

excess of fuel. The most popular form of " Moao-
soupape" was probably the 100 li.p., which had
nine cylinders ant! weighed 260 Ib.

Radial Engines. Radial engines, that is, engines
with cylinders arranged as the spokes of a wheel
but with the cylinders stationary and the crank-
shaft rotating* have been used from the early days
of aviation. In fact, the first internal combustion
engine specifically designed for aeroplane "work,
that used by Langley in his abortive trials with
his tandem aeroplane in the year 1903, was a
water-cooled engine of this type. Such engines are
almost invariably made nowadays in the air-cooled
form; in fact, it is one of the principal advantages
of this cylinder arrangement that it facilitates the
air-cooling of the cylinders. Another advantage is
that radial engines are much shorter than those of
the V type, and they permit shorter and more
compact aeroplanes to be built, this compactness
having a favourable influence in manoeuvring
power, a matter of great importance in fighting
aircraft. They are also used extensively in com-
mercial aeroplanes, as they can be easily installed
in the aeroplane, are light in weight, and the
absence of a radiator reduces the first coat and the
upkeep expenses of the machine. The design also
enables the mechanical parts to be made extremely
accessible.

An example of a five-cylinder engine of this type
is the 100 li.p. Siddeley "Genet Major/1 which
weighs 243 Ib. and is intended for use in light
aeroplanes. There is also a seven-cylinder engine
of 275 li.p. called the Siddeley "Cheetah," with a
weight of 560 Ib. Engines of the radial type have
been extensively constructed in America, and a
typical American seven-cylinder radial is the
Wright "Whirlwind," giving 250 li.p. for a weight
of 490 Ib, A well-known nine-cylinder radial
engine is the Bristol "Jupiter," made in various
series, a typical example giving 525 h.p. for 875 Ib.
weight. Engines of this general type have been
built in most countries where aircraft engines are
made; a French nine-cylinder radial is the
Farman 4i 9.E.," giving 287 h.p. and weighing
584 Ib. Germany has the Siemens 4S 8h.20 " nine-
eyliader 420' h.p. engine with a weight of 915 Ib.

There are no radial engines built with more than
nine cylinders disposed in one radial row, and
when greater power is,desired thaa can be obtained
with this number of cylinders it is usual to increase
the number of rows, placing them one behind the
other. They are commonly arranged so that the
cylinders in the different rows are staggered. A
typical example of such an engine is the Siddeley
**.Taguar," having fourteen cylinders .disposed in
two radial rows and producing 460 h.p. with a
weight of 010 Ib., and there is         the Siddeley

"Leopard,** which is a fourteen-eylinder radial
giving a maximum of 854 h.p. and weighing
1(515 Ib. This engine is one of the most powerful

radkil (.'U^Ine.s made.   An American engine which
is nearly as powerful is the Pratt and Whitney
"Twin Wasp," a fourteen-eylinder radial, which
weighs llOolb. and produces 775 h.p. Similar
engines are also manufactured in France, a typical
example being the 500 h.p. Hispano-Suiza ; this
engine is a fourteen-eylinder radial weighing
1,124 Ib, Another French example, with the same
number and arrangement of cylinders, is the
"'Mistral Major," which weighs llOOlb. and gives
as much as 900 li.p. maximum.
In addition to these types there is a six-cylinder
radial engine called the Curtiss "Challenger/1
This American engine has the unusual arrangement
of possessing two rows of three cylinders each. It
is not a large engine, as it produces 185 h.p. for a
weight of 440 Ib. It will be noticed that in all the
radial engines so far mentioned there is always an
odd number of cylinders in a row. This makes it
possible to space the power impulses given by the
cylinders evenly when the engine is constructed
on the four-stroke principle. If, on the other hand,
the engine is designed as a two-stroke an even
spacing of the power impulses can be obtained
with an even number of cylinders in a radial row.
Two-stroke aero engines are unusual, but an eight-
cylinder engine on this principle, having four
cylinders in each of two rows, is made in America.
It is called the "Hurricane," and gives 150 h.p.
for a weight of 225 Ib.
Double row radial engines are usually constructed
with the cylinders of the separate rows staggered,
the arrangement being adopted to facilitate the
cooling of the rear row of cylinders. Engines having
the cylinders of the rows directly behind each
other have, however, been made, and an example
is the Curtiss "Chieftain" which has two rows of
six cylinders each, this special disposition making
tliis number possible. The engine weighs 900 Ib.
for art output of 615 h.p., and is believed now to be
obsolete.
Water-cooled radial engines have occasionally
been built. The 300 h.p. "Salmson" was a nine-
cylinder engine of this type, and was at one time
used extensively in French commercial aeroplanes.
The radiator generally adopted was circular in
form, and was mounted between the engine and
the 'propeller, the total assembly being neatly
designed. This engine weighed 680 Ib.
Low-powered Engines. In addition to these,
there are a number of low-powered engines having
two or three cylinders, which have sometimes been
developed from motor-cycle practice and are used
as power plants in very small aeroplanes. Often
when two cylinders are used they are placed
'horizontally on either side of the crankcase, when
the engine is called horizontally opposed. A
modem example is, the two-cylinder "Mercedes
Benz," a German design giving 20 h.p. for a
weight of 105 Ib. Three-cylinder engines are also
produced, especially in America, the cylinders